SUMMARY A baby with idiopathic persistent fetal circulation died at 8 days of age despite treatment with tolazoline and maintenance of a normal acid base status. Detailed morphometric studies on the lungs showed muscularisation of the entire precapillary bed, with occlusion and loss of peripheral pulmonary arteries.
Babies with a normal heart and persistence of the fetal circulation are frequently referred to the cardiologist because they present with severe cyanosis in the absence of parenchymal lung disease. Persistence of the fetal circulation may be associated with birth asphyxia, polycythaemia, hypoglycaemia,l and premature closure of the ductus arteriosus.2 Occasionally, however, no "trigger" factor can be identified. The present report concerns such an infant who died at 8 days, despite optimal medical management, because the peripheral pulmonary arterial bed was occluded by smooth muscle and swollen endothelial cells. The development of the pulmonary circulation was assessed by applying quantitative morphometric techniques to the injected and inflated lung. The structural changes found were more severe and extensive than those previously reported. 3 4 Case report A female infant was delivered normally at 39 weeks gestation, weighed 2-95 kg, and was the third child of a 29-year-old mother, whose two previous babies were normal. The mother took chlordiazepoxide and promethazine throughout the first trimester. On the second day of life, the baby was transferred to The Hospital for Sick Children, Great Ormond Street, because she was cyanosed and had tachypnoea, tachycardia, and a soft apical systolic murmur. The chest radiograph was normal and showed no cardiac enlargement, normal pulmonary vascular markings, and no evidence of airways disease. The electrocardiogram, plasma electrolytes, and calcium and haemoglobin concentration were normal. At necropsy, the ductus arteriosus was patent and large and the foramen ovale was also patent. The heart and great vessels were normal, including the size and position of the pulmonary veins.
PREPARATION OF LUNG TISSUE AND TECHNIQUES OF ANALYSIS
After removing one block of tissue for study of 1 ,um sections, the pulmonary arteries were injected with a barium-sulphate gelatin mixture. It was impossible to inject the lungs at the customary constant infusion pressure of 100 cm of water. The lungs were therefore injected by hand and were more difficult to inject than any lungs previously studied in this laboratory, irrespective of age or disease. The fixed and inflated specimen was radiographed and its volume determined. From the injected specimen, 15 blocks of tissue were taken at random from both lungs for quantitative morphometric analysis and for serial 675 sectioning. The uninjected tissue was embedded in Epon and 1 ,tm sections were stained with toluidine blue.
The branching pattern of the preacinar* arteries was assessed on the radiograph and that of the intra-acinar arteries, microscopically, by serial reconstruction. Microscopically, by applying quantitative morphometric techniques the wall structure, size, and number of peripheral pulmonary arteries throughout the lungs were determined. Arterial muscularity was assessed by measuring medial thickness of more than 100 arteries less than 1000 am in diameter, relating this to the external diameter, and calculating the percentage arterial medial thickness. Peripheral pulmonary arteries can be identified according to the airway they are accompanying, and the size of vessel and type of wall structure (non-muscular, partially muscular, or entirely muscular) were assessed for the small preacinar and intra-acinar arteries. The distribution of muscle in the peripheral arteries was also shown by serial reconstruction of a segmental arterial pathway, the size and wall structure of all arterial branches being traced. Arteries and alveoli were counted per unit area of lung and the alveolar/arterial ratio calculated. Total alveolar number was assessed and 20 radial alveolar counts determined.
Results
The external appearance and volume of the lungs was normal. The pre-and intra-acinar branching pattern, from the hilum to the alveolar wall, was normal. Radial alveolar counts were normal (4 5) and the total alveolar number was similar to that of three agematched controls.
ARTERIAL MUSCULARITY
Arterial muscularity was increased, as shown by an increase in percentage medial thickness in arteries which normally have a muscle coat. Percentage arterial medial thickness in arteries of 75 to 100 ,tm, for example, was 11-7, as compared with a normal value of 5 5 at this age.5 Muscularity also extended into smaller and more peripheral arteries than normal. Normally few arteries smaller than 75 ,um in diameter contain any muscle, but in this case all the small arteries were muscularised and percentage arterial medial thickness in these vessels even exceeded the normal fetal level. In addition, in the normal lung at this age the majority of arteries beyond terminal bronchiolar level are non-muscular,5 but in this infant 18-2 per cent of arteries were completely surrounded by a thick muscle coat and the remaining vessels were partially muscular. These features of increased muscularity were present throughout both lungs.
* An acinus is all the lung tissue distal to a terminal bronchiolus.
In the serial reconstruction of the peripheral arterial pathway, all branches showed a similar change in wall structure as the vessels proceeded towards the capillary bed (Fig. a-d) . Within the alveolar walls the thick walled arteries, less than 30 am in diameter, ended abruptly as partially or totally occluded vessels in a network of fine capillary channels. No arteriovenous connections were found on serial reconstruction or inspection of the random sections. Many thin walled channels were seen within the alveolar walls and, when traced, joined distended veins which occupied a normal position in the connective tissue septa. The lymphatic channels were also distended. No evidence of thrombus formation was seen.
ARTERIAL SIZE AND NUMBER
On the necropsy arteriogram the lumen diameter of the preacinar arteries was at the lower limit of normal. Microscopical measurements showed that the intraacinar arteries were abnormally small. Arteries accompanying the respiratory bronchioli had a mean external diameter of 60-9 am, smaller than that of the normal 3-day infant (92'7 ,gm)5 and only slightly larger than is found in a normal fetus at term (51-3 to 52-8 ,um).6 A reduction in number of arteries per unit area gave an alveolar/arterial ratio of 40, as compared with the normal value of about 15 at this age (A A H Hislop, 1981 personal communication).
Discussion
This baby had the typical clinical features of persistence of the fetal circulation, without an identifiable precipitating factor. Her mother had not taken a drug known to be associated with an increase in pulmonary arterial smooth muscle, such as a prostaglandin synthetase inhibitor.7 The lungs were not hypoplastic, being of normal size with normal airway and preacinar arterial development.
The structural changes in this baby were more severe than those previously reported in infants dying with idiopathic persistence of fetal circulation.3 4 Not only was muscularity increased but, in addition, the intra-acinar arteries were reduced in size and number. In a previous study, the lungs of three babies were studied using the same techniques of injection and quantitative morphometric analysis.4 All three infants had a full complement of intra-acinar arteries and only one showed a reduction in intra-acinar arterial size and that at 3 months of age. In the present case, the thin walled, partially muscular and non-muscular segments of the precapillary bed were entirely replaced by thick walled vessels extending down to the capillary bed.
The thick walled alveolar wall arteries with an occluded lumen were indistinguishable from the Persistent fetal circulation VW *.
:A ,~~~d "ghost" arteries described in primary pulmonary hypertension (non-thromboembolic) in adults.8 Electron microscopical examination of "ghost" arteries in a case of primary pulmonary hypertension showed a circumferential arrangement of reticulin, collagen, fibroblasts, and relatively undifferentiated smooth muscle cells, called pericytes, around a lumen partially or totally occluded by swollen endothelial cells.9 Similar ultrastructural features were found in the non-muscular alveolar wall arteries of hypoxic rats, where pre-existing cells, the pericytes, differentiated to form "new" muscle.10 The newborn lung probably produces an abnormal amount of muscle by the same process of cell differentiation. It appears that in pulmonary hypertension, whatever the cause, the first structural change occurs in the normally nonmuscular arteries lying immediately proximal to the capillary bed. In infants with congenital heart disease it is these vessels which first show an increase in wall thickness. " I In the present case, the insult to pulmonary vascular development probably occurred in late fetal life, at or after birth, because the structural abnormality was restricted to the intra-acinar arteries which develop in late fetal life and after birth.5 The magnitude of pulmonary vascular change suggests that at least some of the increase in muscle developed before birth. In addition, the intra-acinar arteries might have failed to grow and multiply normally in utero. Alternatively, recent studies indicate that the lung might have been structurally normal at birth, but had failed to adapt normally to extrauterine life.'2 In the pig, the first structural change seen five minutes after birth is the dilatation and recruitment of non-muscular and partially muscular arteries in the precapillary bed. The endothelial cells become less prominent and muscle regresses in the larger arteries, a slower process occurring during the first week of life.
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